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METHODS OF TREATING OR PREVENTING 
AUTOIMMUNE DISEASES WITH 

2,4-PYRIMIDINEDIAMINE COMPOUNDS 

1. CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims bene?t under 35 U.S.C. § 119(e) 
to application Ser. No. 60/491,641, ?led Jul. 30, 2003, Ser. 
No. 60/531,598, ?led Dec. 19, 2003 and Ser. No. 60/572, 
256, ?led May 15, 2004. 

2. FIELD OF THE INVENTION 

The present invention relates generally to 2,4-pyrim 
idinediamine compounds, pharmaceutical compositions 
comprising the compounds, intermediates and synthetic 
methods of making the compounds and methods of using the 
compounds and compositions in a variety of contexts, such 
as in the treatment or prevention of autoimmune diseases 
and/or the symptoms associated thereWith. 

3. BACKGROUND OF THE INVENTION 

Crosslinking of Fc receptors, such as the high affinity 
receptor for IgE (FceRI) and/ or the high affinity receptor for 
IgG (FcyRI) activates a signaling cascade in mast, basophil 
and other immune cells that results in the release of chemical 
mediators responsible for numerous adverse events. For 
example, such crosslinking leads to the release of preformed 
mediators of Type I (immediate) anaphylactic hypersensi 
tivity reactions, such as histamine, from storage sites in 
granules via degranulation. It also leads to the synthesis and 
release of other mediators, including leukotrienes, prostag 
landins and platelet-activating factors (PAFs), that play 
important roles in in?ammatory reactions. Additional 
mediators that are synthesiZed and released upon crosslink 
ing Fc receptors include cytokines and nitric oxide. 

The signaling cascade(s) activated by crosslinking Fc 
receptors such as FceRI and/or FcyRI comprises an array of 
cellular proteins. Among the most important intracellular 
signal propagators are the tyrosine kinases. And, an impor 
tant tyrosine kinase involved in the signal transduction 
pathWays associated With crosslinking the FceRI and/or 
FcyRI receptors, as Well as other signal transduction cas 
cades, is Syk kinase (see Valent et al., 2002, 1112/. J. Hematol. 
75(4):2574362 for revieW). 
As the mediators released as a result of FCeRI and FcyRI 

receptor cross-linking are responsible for, or play important 
roles in, the manifestation of numerous adverse events, the 
availability of compounds capable of inhibiting the signaling 
cascade(s) responsible for their release Would be highly 
desireable. Moreover, oWing to the critical role that Syk 
kinase plays these and other receptor signaling cascade(s), 
the availability of compounds capable of inhibiting Syk 
kinase Would also be highly desirable. 

4. SUMMARY OF THE INVENTION 

In one aspect, the present invention provides novel 2,4 
pyrimidinediamine compounds that, as Will be discussed in 
more detail beloW, have myriad biological activities. The 
compounds generally comprise a 2,4-pyrimidinediamine 
“core” having the folloWing structure and numbering con 
vention: 
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The compounds of the invention are substituted at the C2 
nitrogen (N2) to form a secondary amine and are optionally 
further substituted at one or more of the folloWing positions: 
the C4 nitrogen (N4), the C5 position and/ or the C6 position. 
When substituted at N4, the substituent forms a secondary 
amine. The substituent at N2, as Well as the optional 
substituents at the other positions, may range broadly in 
character and physico-chemical properties. For example, the 
substituent(s) may be a branched, straight-chained or cyclic 
alkyl, a branched, straight-chained or cyclic heteroalkyl, a 
mono- or polycyclic aryl a mono- or polycyclic heteroaryl or 
combinations of these groups. These substituent groups may 
be further substituted, as Will be described in more detail 
beloW. 
The N2 and/ or N4 sub stituents may be attached directly to 

their respective nitrogen atoms, or they may be spaced aWay 
from their respective nitrogen atoms via linkers, Which may 
be the same or different. The nature of the linkers can vary 
Widely, and can include virtually any combination of atoms 
or groups useful for spacing one molecular moiety from 
another. For example, the linker may be an acyclic hydro 
carbon bridge (e.g, a saturated or unsaturated alkyleno such 
as methano, ethano, etheno, propano, prop[1]eno, butano, 
but[1]eno, but[2]eno, buta[1,3]dieno, and the like), a mono 
cyclic or polycyclic hydrocarbon bridge (e.g., [1,2]benZeno, 
[2,3]naphthaleno, and the like), a simple acyclic heteroat 

CHzi, and the like), a monocyclic or polycyclic heteroaryl 
bridge (e.g., [3,4]furano, pyridino, thiopheno, piperidino, 
piperaZino, pyraZidino, pyrrolidino, and the like) or combi 
nations of such bridges. 
The substituents at the N2, N4, C5 and/or C6 positions, as 

Well as the optional linkers, may be further substituted With 
one or more of the same or different substituent groups. The 

nature of these substituent groups may vary broadly. Non 
limiting examples of suitable substituent groups include 
branched, straight-chain or cyclic alkyls, mono- or polycy 
clic aryls, branched, straight-chain or cyclic heteroalkyls, 
mono- or polycyclic heteroaryls, halos, branched, straight 
chain or cyclic haloalkyls, hydroxyls, oxos, thioxos, 
branched, straight-chain or cyclic alkoxys, branched, 
straight-chain or cyclic haloalkoxys, tri?uoromethoxys, 
mono- or polycyclic aryloxys, mono- or polycyclic het 
eroaryloxys, ethers, alcohols, sul?des, thioethers, sulfanyls 
(thiols), imines, aZos, aZides, amines (primary, secondary 
and tertiary), nitriles (any isomer), cyanates (any isomer), 
thiocyanates (any isomer), nitrosos, nitros, diaZos, sulfox 
ides, sulfonyls, sulfonic acids, sulfamides, sulfonamides, 
sulfamic esters, aldehydes, ketones, carboxylic acids, esters, 
amides, amidines, formadines, amino acids, acetylenes, car 
bamates, lactones, lactams, glucosides, gluconurides, sul 
fones, ketals, acetals, thioketals, oximes, oxamic acids, 
oxamic esters, etc., and combinations of these groups. 
Substituent groups bearing reactive functionalities may be 
protected or unprotected, as is Well-knoWn in the art. 
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In one illustrative embodiment, the 2,4-pyrimidinedi 
amine compounds of the invention are compounds accord 
ing to structural formula (I): 

including salts, hydrates, solvates and N-oxides thereof, 
Wherein: 

L1 and L2 are each, independently of one another, selected 
from the group consisting of a direct bond and a linker; 

R2 and R4 are described infra; 
R5 is selected from the group consisting of R6, (CliC6) 

alkyl optionally substituted With one or more of the same or 
different R8 groups, (CliC4)alkanyl optionally substituted 
With one or more of the same or different R8 groups, 

(C2*C4)alkenyl optionally substituted With one or more of 
the same or different R8 groups and (C2*C4)alkynyl option 
ally substituted With one or more of the same or different R8 
groups; 

each R6 independently is selected from the group consist 
ing of hydrogen, an electronegative group, iORd, iSRd, 
(CliC3)haloalkyoxy, (CliC3)perhaloalkyloxy, iNRCRC, 
halogen, (CliC3)haloalkyl, (CliC3)perhaloalkyl, iCF3, 
iCH2CF3, 4CF2CF3, 4CN, iNC, 4OCN, iSCN, 
iNO, iNOz, iN3, iS(O)Rd, iS(O)2Rd, iS(O)2ORd, 
iS(O)NRCRC, iS(O)2NRCRC, iOS(O)Rd, 4OS(O)2Rd, 
iOS(O)2ORd, 4OS(O)NRCRC, 4OS(O)2NRCRC, 4C(O) 
Rd, iC(O)ORd, %(O)NRCRC, %(NH)NRCRC, wqo) 
Rd, iSC(O)Rd, iOC(O)ORd, iSC(O)ORd, 4OC(O)NRC 
RC, iSC(O)NRCRC, iOC(NH)NRCRC, iSC(NH)NRCRC, 
i[NHC(O)]nRd, i[NHC(O)]nORd, i[NHC(O)]nNRcRc 
and i[NHC(NH)]nNRCRC, (C5*Cl0)aryl optionally substi 
tuted With one or more of the same or different R8 groups, 
phenyl optionally substituted With one or more of the same 
or different R8 groups, (C6£l6)arylalkyl optionally substi 
tuted With one or more of the same or different R8 groups, 
5*l0 membered heteroaryl optionally substituted With one 
or more of the same or different R8 groups and 6*l6 
membered heteroarylalkyl optionally substituted With one or 
more of the same or different R8 groups; 

R8 is selected from the group consisting of R“, Rb, R“ 
substituted With one or more of the same or different R“ or 

Rb, 40R“ substituted With one or more of the same or 

different R“ or Rb, iB(OR“)2, iB(NRcRc)2, i(CH2)mi 
Rb , i(CHRa)miRb , iOi(CH2)miRb , iS(CH2)miRb , 
iO%HR“Rb, ADiCR‘KRbL, AXCHRQMiRb, 
iOi(CH2)miCH[(CH2)mRb]Rb, iSi(CHR“)miRb, 
iC(O)NHi(CH2)miRb, 4C(O)NHi(CHR“)miRb, 
iOi(CH2)miC(O)NHi(CH2)miRb, iSi(CH2)m4C 
(O)NHi(CH2)miRb , iOi(CHR“)m4C(O)NHi 
(CHR“)miRb, iSi(CHR“)m%(O)NHi(CHR“)miRb, 
iNHi(CH2)miRb, iNHi(CHR“)miRb, iNH 
[<CH2).. Rb], *NKCHQMRZ, *NH%<O)*NH* 
(CH2)miRb, iNH%(O)i(CH2)miCHRbRb and 
iNHi(CH2)miC(O)iNHi(CH2)miRb ; 

each R“ is independently selected from the group consist 
ing of hydrogen, (CliC6)alkyl, (C3*C8)cycloalkyl, cyclo 
hexyl, (C4*Cll)cycloalkylalkyl, (C5*Cl0)aryl, phenyl, 
(C6*Cl6)arylalkyl, benZyl, 2*6 membered heteroalkyl, 3*8 
membered cycloheteroalkyl, morpholinyl, piperaZinyl, 
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4 
homopiperaZinyl, piperidinyl, 4*ll membered cyclohet 
eroalkylalkyl, 5*l0 membered heteroaryl and 6*l6 mem 
bered heteroarylalkyl; 

each Rb is a suitable group independently selected from 
the group consisting of =0, 40R“: (CliC3)haloalkyoxy, 
43cm, =s, iSRd, =NRd, =NORd, iNRCRC, halogen, 
‘C133, 4CN, iNC, 4OCN, iSCN, iNO, iNOz, 
=N2, iN3, iS(O)Rd, iS(O)2Rd, iS(O)2ORd, is(o) 
NRCRC, iS(O)2NRCRc, ws(o)Rd, ws(o)2Rd, ws 
(O)2ORd, iOS(O)2NRcRc, 4C(O)Rd, 4C(O)ORd, 
4C(O)NRCRC, 4C(NH)NRCRC, iC(NR“)NRCRc, 
4C(NOH)R“, iC(NOH)NRCRC, 4OC(O)Rd, 4OC(O) 
ORd, 4OC(O)NRCRC, 4OC(NH)NRCRC, iOC(NR“)NRc 
RC, i[NHC(O)]nRd, i[NR“C(O)]nRd, i[NHC(O)]nORd, 
i[NR”C(O)]nORd, i[NHC(O)]nNRcRc, i[NR“C(O)]n 
NRCRC, i[NHC(NH)]nNRcRc and i[NR“C(NR”)]nNRcRc; 

each R” is independently a protecting group or R“, or, 
alternatively, each RC is taken together With the nitrogen 
atom to Which it is bonded to form a 5 to 8-membered 
cycloheteroalkyl or heteroaryl Which may optionally include 
one or more of the same or different additional heteroatoms 

and Which may optionally be substituted With one or more 
of the same or different R“ or suitable Rb groups; 

each Rd is independently a protecting group or R“; 
each m is independently an integer from 1 to 3; and 
each n is independently an integer from 0 to 3. 

In one embodiment, R5 is F and R6 is hydrogen. 
In another aspect, the present invention provides prodrugs 

of the 2,4-pyrimidinediamine compounds. Such prodrugs 
may be active in their prodrug form, or may be inactive until 
converted under physiological or other conditions of use to 
an active drug form. In the prodrugs of the invention, one or 
more functional groups of the 2,4-pyrimidinediamine com 
pounds are included in promoieties that cleave from the 
molecule under the conditions of use, typically by Way of 
hydrolysis, enZymatic cleavage or some other cleavage 
mechanism, to yield the functional groups. For example, 
primary or secondary amino groups may be included in an 
amide promoiety that cleaves under conditions of use to 
generate the primary or secondary amino group. Thus, the 
prodrugs of the invention include special types of protecting 
groups, termed “progroups,” masking one or more func 
tional groups of the 2,4-pyrimidinediamine compounds that 
cleave under the conditions of use to yield an active 2,4 
pyrimidinediamine drug compound. Functional groups 
Within the 2,4-pyrimidinediamine compounds that may be 
masked With progroups for inclusion in a promoiety include, 
but are not limited to, amines (primary and secondary), 
hydroxyls, sulfanyls (thiols), carboxyls, carbonyls, phenols, 
catechols, diols, alkynes, phosphates, etc. Myriad progroups 
suitable for masking such functional groups to yield pro 
moieties that are cleavable under the desired conditions of 
use are knoWn in the art. All of these progroups, alone or in 
combinations, may be included in the prodrugs of the 
invention. Speci?c examples of promoieties that yield pri 
mary or secondary amine groups that can be included in the 
prodrugs of the invention include, but are not limited to 
amides, carbamates, imines, ureas, phosphenyls, phosphor 
yls and sulfenyls. Speci?c examples of promoieties that 
yield sulfanyl groups that can be included in the prodrugs of 
the invention include, but are not limited to, thioethers, for 
example S-methyl derivatives (monothio, dithio, oxythio, 
aminothio acetals), silyl thioethers, thioesters, thiocarbon 
ates, thiocarbamates, asymmetrical disul?des, etc. Speci?c 
examples of promoieties that cleave to yield hydroxyl 
groups that can be included in the prodrugs of the invention 
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include, but are not limited to, sulfonates, esters and car 
bonates. Speci?c examples of promoieties that yield car 
boxyl groups that can be included in the prodrugs of the 
invention included, but are not limited to, esters (including 
silyl esters, oxamic acid esters and thioesters), amides and 
hydraZides. 

In one illustrative embodiment, the prodrugs of the inven 
tion are compounds according to structural formula (I) in 
Which the protecting group of RC and Rd is a progroup. 

In another illustrative embodiment, the prodrugs of the 
invention are compounds according to structural formula 

including salts, hydrates, solvates and N-oxides thereof, 
Wherein: 

R2, R4, R5, R6, L1 and L2 are as previously de?ned for 
structural formula (I); 

R21’ is a progroup; 

R417 is progroup or an alkyl group, e.g., methyl, and as 
further de?ned by the examples. 

In another aspect, the present invention provides compo 
sitions comprising one or more compounds and/or prodrugs 
of the invention and an appropriate carrier, excipient or 
diluent. The exact nature of the carrier, excipient or diluent 
Will depend upon the desired use for the composition, and 
may range from being suitable or acceptable for veterinary 
uses to being suitable or acceptable for human use. 

In still another aspect, the present invention provides 
intermediates useful for synthesiZing the 2,4-pyrimidinedi 
amine compounds and prodrugs of the invention. In one 
embodiment, the intermediates are 4-pyrimidineamines 
according to structural formula (III): 

including salts, hydrates, solvates and N-oxides thereof, 
Wherein R4, R5, R6 and L2 are as previously de?ned for 
structural formula (I); LG is a leaving group such as, for 
example, iS(O)2Me, iSMe or halo (e.g., F, Cl, Br, I); and 
R46 is hydrogen, a progroup, an alkyl group or as described 
herein. 

In another embodiment, the intermediates are 2-pyrim 
idineamines according to structural formula (IV): 
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R20 

including salts, hydrates, solvates and N-oxides thereof, 
Wherein R2, R5, R6 and L1 are as previously de?ned for 
structural formula (I); LG is a leaving group, such as, for 
example, iS(O)2Me, iSMe or halo (e.g., F, Cl, Br, I) and. 

In yet another embodiment, the intermediates are 
4-amino- or 4-hydroxy-2-pyrimidineamines according to 
structural formula (V): 

R20 

including salts, hydrates, solvates and N-oxides thereof, 
Wherein R2, R5, R6 and L1 are as previously de?ned for 
structural formula (I), R7 is an amino or hydroxyl group and 
R2” is hydrogen or a progroup. 

In another embodiment, the intermediates are N4-substi 
tuted cytosines according to structural formula (VI): 

R6 

R5 
/ NH 

L2 \ k / 

R4 \N N 0 
R40 

including salts, hydrates, solvates and N-oxides thereof, 
Wherein R4, R5, R6 and L2 are as previously de?ned for 
structural formula (I) and R46 is as previously de?ned in 
formula (III). 

In yet another aspect, the present invention provides 
methods of synthesizing the 2,4-pyrimidinediamine com 
pounds and prodrugs of the invention. In one embodiment, 
the method involves reacting a 4-pyrimidineamine accord 
ing to structural formula (III) With an amine of the formula 
HRZCN-LI-RZ, Where L1, R2 and R26 are as previously 
de?ned for structural formula (IV) to yield a 2,4-pyrim 
idinediamine according to structural formula (I) or a prodrug 
according to structural formula (II). 

In another embodiment, the method involves reacting a 
2-pyrimidineamine according to structural formula (IV) 
With an amine of the formula R4-L2-NHR4C Where L4, R4 
and R4” are as previously de?ned for structural formula (III) 
to yield a 2,4-pyrimidinediamine according to structural 
formula (I) or a prodrug according to structural formula (II). 

In yet another embodiment, the method involves reacting 
a 4-amino-2-pyrimidineamine according to structural for 
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mula (V) (in Which R7 is an amino group) With an amine of 
the formula R4-LZ-NHR4C, Where L2, R4 and R46 are as 
de?ned for structural formula (III), to yield a 2,4-pyrim 
idinediamine according to structural formula (I) or a prodrug 
according to structural formula (II). Alternatively, the 
4-amino-2-pyrimidineamine may be reacted With a com 
pound of the formula R4-L2-LG, Where R4 and L2 are as 
previously de?ned for structural formula (I) and LG is a 
leaving group. 

In still another embodiment, the method involves halo 
genating a 4-hydroxy-2-pyrimidineamine according to 
structural formula (V) (R7 is a hydroxyl group) to yield a 
2-pyrimidineamine according to structural formula (IV) and 
reacting this pyrimidineamine With an appropriate amine, as 
described above. 

In yet another embodiment, the method involves haloge 
nating an N4-substituted cytosine according to structural 
formula (VI) to yield a 4-pyrimidineamine according to 
structural formula (III) and reacting this pyrimidineamine 
With an appropriate amine, as described above. 

The 2,4-pyrimidinediamine compounds of the invention 
are potent inhibitors of degranulation of immune cells, such 
as mast, basophil, neutrophil and/or eosinophil cells. Thus, 
in still another aspect, the present invention provides meth 
ods of regulating, and in particular inhibiting, degranulation 
of such cells. The method generally involves contacting a 
cell that degranulates With an amount of a 2,4-pyrimidinedi 
amine compound or prodrug of the invention, or an accept 
able salt, hydrate, solvate, N-oxide and/or composition 
thereof, effective to regulate or inhibit degranulation of the 
cell. The method may be practiced in in vitro contexts or in 
in vivo contexts as a therapeutic approach towards the 
treatment or prevention of diseases characteriZed by, caused 
by or associated With cellular degranulation. 

While not intending to be bound by any theory of opera 
tion, biochemical data con?rm that the 2,4-pyrimidinedi 
amine compounds exert their degranulation inhibitory effect, 
at least in part, by blocking or inhibiting the signal trans 
duction cascade(s) initiated by crosslinking of the high 
a?inity Fc receptors for IgE (“FceRI”) and/or IgG (“FcyRI”). 
Indeed, the 2,4-pyrimidinediamine compounds are potent 
inhibitors of both FceRI-mediated and FcyRI-mediated 
degranulation. As a consequence, the 2,4-pyrimidine com 
pounds may be used to inhibit these Fc receptor signalling 
cascades in any cell type expressing such FceRI and/or 
FcyRI receptors including but not limited to macrophages, 
mast, basophil, neutrophil and/or eosinophil cells. 

The methods also permit the regulation of, and in par 
ticular the inhibition of, doWnstream processes that result as 
a consequence of activating such Fc receptor signaling 
cascade(s). Such doWnstream processes include, but are not 
limited to, FceRI-mediated and/ or FcyRI-mediated degranu 
lation, cytokine production and/or the production and/or 
release of lipid mediators such as leukotrienes and prostag 
landins. The method generally involves contacting a cell 
expressing an Fc receptor, such as one of the cell types 
discussed above, With an amount of a 2,4-pyrimidinedi 
amine compound or prodrug of the invention, or an accept 
able salt, hydrate, solvent, N-oxide and/or composition 
thereof, effective to regulate or inhibit the Fc receptor 
signaling cascade and/or a doWnstream process effected by 
the activation of this signaling cascade. The method may be 
practiced in in vitro contexts or in in vivo contexts as a 
therapeutic approach toWards the treatment or prevention of 
diseases characterized by, caused by or associated With the 
Fc receptor signaling cascade, such as diseases effected by 
the release of granule speci?c chemical mediators upon 
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8 
degranulation, the release and/or synthesis of cytokines 
and/or the release and/or synthesis of lipid mediators such as 
leukotrienes and prostaglandins. 

In yet another aspect, the present invention provides 
methods of treating and/ or preventing diseases characteriZed 
by, caused by or associated With the release of chemical 
mediators as a consequence of activating Fc receptor sig 
naling cascades, such as FceRI and/or FcyRI-signaling cas 
cades. The methods may be practiced in animals in veteri 
nary contexts or in humans. The methods generally involve 
administering to an animal subject or human an amount of 
a 2,4-pyrimidinediamine compound or prodrug of the inven 
tion, or an acceptable salt, hydrate, solvate, N-oxide and/or 
composition thereof, effective to treat or prevent the disease. 
As discussed previously, activation of the FceRI or FcyRI 
receptor signaling cascade in certain immune cells leads to 
the release and/or synthesis of a variety of chemical sub 
stances that are pharmacological mediators of a Wide variety 
of diseases. Any of these diseases may be treated or pre 
vented according to the methods of the invention. 

For example, in mast cells and basophil cells, activation 
of the FceRI or FcyRI signaling cascade leads to the imme 
diate (i.e., Within 1% min. of receptor activation) release of 
preformed mediators of atopic and/or Type I hypersensitiv 
ity reactions (e.g., histamine, proteases such as tryptase, etc.) 
via the degranulation process. Such atopic or Type I hyper 
sensitivity reactions include, but are not limited to, anaphy 
lactic reactions to environmental and other allergens (e.g., 
pollens, insect and/or animal venoms, foods, drugs, contrast 
dyes, etc.), anaphylactoid reactions, hay fever, allergic con 
junctivitis, allergic rhinitis, allergic asthma, atopic dermati 
tis, eczema, urticaria, mucosal disorders, tissue disorders 
and certain gastrointestinal disorders. 
The immediate release of the preformed mediators via 

degranulation is folloWed by the release and/or synthesis of 
a variety of other chemical mediators, including, among 
other things, platelet activating factor (PAF), prostaglandins 
and leukotrienes (e.g., LTC4) and the de novo synthesis and 
release of cytokines such as TNFot, IL-4, IL-5, IL-6, IL-l3, 
etc. The ?rst of these tWo processes occurs approximately 
3*30 min. folloWing receptor activation; the latter approxi 
mately 30 min.*7 hrs. folloWing receptor activation. These 
“late stage” mediators are thought to be in part responsible 
for the chronic symptoms of the above-listed atopic and 
Type I hypersensitivity reactions, and in addition are chemi 
cal mediators of in?ammation and in?ammatory diseases 
(e.g., osteoarthritis, in?ammatory boWel disease, ulcerative 
colitis, Crohn’s disease, idiopathic in?ammatory boWel dis 
ease, irritable boWel syndrome, spastic colon, etc.), loW 
grade scarring (e.g., scleroderma, increased ?brosis, keloids, 
post-surgical scars, pulmonary ?brosis, vascular spasms, 
migraine, reperfusion injury and post myocardial infarc 
tion), and sicca complex or syndrome. All of these diseases 
may be treated or prevented according to the methods of the 
invention. 

Additional diseases Which can be treated or prevented 
according to the methods of the invention include diseases 
associated With basophil cell and/or mast cell pathology. 
Examples of such diseases include, but are not limited to, 
diseases of the skin such as scleroderma, cardiac diseases 
such as post myocardial infarction, pulmonary diseases such 
as pulmonary muscle changes or remodeling and chronic 
obstructive pulmonary disease (COPD) and diseases of the 
gut such as in?ammatory boWel syndrome (spastic colon). 
The 2,4-pyrimidinediamine compounds of the invention 

are also potent inhibitors of the tyrosine kinase Syk kinase. 
Thus, in still another aspect, the present invention provides 
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methods of regulating, and in particular inhibiting, Syk 
kinase activity. The method generally involves contacting a 
Syk kinase or a cell comprising a Syk kinase With an amount 
of a 2,4-pyrimidinediamine compound or prodrug of the 
invention, or an acceptable salt, hydrate, solvate, N-oxide 
and/or composition thereof, effective to regulate or inhibit 
Syk kinase activity. In one embodiment, the Syk kinase is an 
isolated or recombinant Syk kinase. In another embodiment, 
the Syk kinase is an endogenous or recombinant Syk kinase 
expressed by a cell, for example a mast cell or a basophil 
cell. The method may be practiced in in vitro contexts or in 
in vivo contexts as a therapeutic approach toWards the 
treatment or prevention of diseases characteriZed by, caused 
by or associated With Syk kinase activity. 

While not intending to be bound by any particular theory 
of operation, it is believed that the 2,4-pyrimdinediamine 
compounds of the invention inhibit cellular degranulation 
and/or the release of other chemical mediators primarily by 
inhibiting Syk kinase that gets activated through the gamma 
chain homodimer of FceRI (see, e.g., FIG. 2). This gamma 
chain homodimer is shared by other Fc receptors, including 
FcyRI, FcyRIII and FcotRI. For all of these receptors, 
intracellular signal transduction is mediated by the common 
gamma chain homodimer. Binding and aggregation of those 
receptors results in the recruitment and activation of tyrosine 
kinases such as Syk kinase. As a consequence of these 
common signaling activities, the 2,4-pyrimidinediamine 
compounds described herein may be used to regulate, and in 
particular inhibit, the signaling cascades of Fc receptors 
having this gamma chain homodimer, such as FceRI, FcyRI, 
FcyRIII and FcotRI, as Well as the cellular responses elicited 
through these receptors. 

Syk kinase is knoWn to play a critical role in other 
signaling cascades. For example, Syk kinase is an e?fector of 
B-cell receptor (BCR) signaling (Turner et al., 2000, Immu 
nology Today 2l:l48*l54) and is an essential component of 
integrin beta(l), beta(2) and beta(3) signaling in neutrophils 
(Mocsai et al., 2002, Immunity l6:547*558). As the 2,4 
pyrimidinediamine compounds described herein are potent 
inhibitors of Syk kinase, they can be used to regulate, and in 
particular inhibit, any signaling cascade Where Syk plays a 
role, such as, fore example, the Fc receptor, BCR and 
integrin signaling cascades, as Well as the cellular responses 
elicited through these signaling cascades. The particular 
cellular response regulated or inhibited Will depend, in part, 
on the speci?c cell type and receptor signaling cascade, as 
is Well knoWn in the art. Non-limiting examples of cellular 
responses that may be regulated or inhibited With the 2,4 
pyrimidinediamine compounds include a respiratory burst, 
cellular adhesion, cellular degranulation, cell spreading, cell 
migration, phagocytosis (e.g., in macrophages), calcium ion 
?ux (e.g., in mast, basophil, neutrophil, eosinophil and 
B-cells), platelet aggregation, and cell maturation (e.g., in 
B-cells). 

Thus, in another aspect, the present invention provides 
methods of regulating, and in particular inhibiting, signal 
transduction cascades in Which Syk plays a role. The method 
generally involves contacting a Syk-dependent receptor or a 
cell expressing a Syk-dependent receptor With an amount of 
a 2,4-pyrimidinediamine compound or prodrug of the inven 
tion, or an acceptable salt, hydrate, solvate, N-oxide and/or 
composition thereof, effective to regulate or inhibit the 
signal transduction cascade. The methods may also be used 
to regulate, and in particular inhibit, doWnstream processes 
or cellular responses elicited by activation of the particular 
Syk-dependent signal transduction cascade. The methods 
may be practiced to regulate any signal transduction cascade 
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10 
Where Syk is not knoWn or later discovered to play a role. 
The methods may be practiced in in vitro contexts or in in 
vivo contexts as a therapeutic approach toWards the treat 
ment or prevention of diseases characterized by, caused by 
or associated With activation of the Syk-dependent signal 
transduction cascade. Non-limited examples of such dis 
eases include those previously discussed. 

Cellular and animal data also con?rm that the 2,4-pyri 
midinediamine compounds of the invention may also be 
used to treat or prevent autoimmune diseases and/or symp 
toms of such diseases. The methods generally involve 
administering to a subject suffering from an autoimmune 
disease or at risk of developing an autoimmune disease an 
amount of a 2,4-pyrimidinediamine method or prodrug of 
the invention, or an acceptable salt, N-oxide, hydrate, sol 
vate or composition thereof, effective to treat or prevent the 
autoimmune disease and/or its associated symptoms. 
Autoimmune diseases that can be treated or prevented With 
the 2,4-pyrimidinediamine compounds include those dis 
eases that are commonly associated With nonanaphylactic 
hypersensitivity reactions (Type II, Type III and/or Type IV 
hypersensitivity reactions) and/or those diseases that are 
mediated, at least in part, by activation of the FcyR signaling 
cascade in monocyte cells. Such autoimmune disease 
include, but are not limited to, those autoimmune diseases 
that are frequently designated as single organ or single 
cell-type autoimmune disorders and those autoimmune dis 
ease that are frequently designated as involving systemic 
autoimmune disorder. Non-limiting examples of diseases 
frequently designated as single organ or single cell-type 
autoimmune disorders include: Hashimoto’s thyroiditis, 
autoimmune hemolytic anemia, autoimmune atrophic gas 
tritis of pernicious anemia, autoimmune encephalomyelitis, 
autoimmune orchitis, Goodpasture’s disease, autoimmune 
thrombocytopenia, sympathetic ophthalmia, myasthenia 
gravis, Graves’ disease, primary biliary cirrhosis, chronic 
aggressive hepatitis, ulcerative colitis and membranous 
glomerulopathy. Non-limiting examples of diseases often 
designated as involving systemic autoimmune disorder 
include: systemic lupus erythematosis, rheumatoid arthritis, 
Sjogren’s syndrome, Reiter’s syndrome, polymyositis-der 
matomyositis, systemic sclerosis, polyarteritis nodosa, mul 
tiple sclerosis and bullous pemphigoid. 

5. BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 provides a cartoon illustrating allergen-induced 
production of IgE and consequent release of preformed and 
other chemical mediators from mast cells; 

FIG. 2 provides a cartoon illustrating the FceRl signal 
transduction cascade leading to degranulation of mast and/or 
basophil cells; and 

FIG. 3 provides a cartoon illustrating the putative points 
of action of compounds that selectively inhibit upstream 
FceRI-mediated degranulation and compounds that inhibit 
both FCeRI-mediated and ionomycin-induced degranula 
tion. 

6. DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

6.1 De?nitions 
As used herein, the folloWing terms are intended to have 

the folloWing meanings: 
“Alkyl” by itself or as part of another substituent refers to 

a saturated or unsaturated branched, straight-chain or cyclic 
monovalent hydrocarbon radical having the stated number 
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of carbon atoms (i.e., CliC6 means one to six carbon atoms) 
that is derived by the removal of one hydrogen atom from a 
single carbon atom of a parent alkane, alkene or alkyne. 
Typical alkyl groups include, but are not limited to, methyl; 
ethyls such as ethanyl, ethenyl, ethynyl; propyls such as 
propan-l -yl, propan-2 -yl, cyclopropan-l -yl, prop- 1 -en- 1 -yl, 
prop-l -en-2-yl, prop-2-en-l -yl, cycloprop-l -en- 1 -yl; cyclo 
prop-2-en-l -yl, prop-l -yn-l -yl, prop-2-yn- l -yl, etc.; butyls 
such as butan-l -yl, butan-2-yl, 2-methyl-propan-l -yl, 2-me 
thyl-propan-2-yl, cyclobutan-l -yl, but- 1 -en- 1 -yl, but-l -en 
2-yl, 2-methyl-prop- 1 -en- 1 -yl, but-2-en- l -yl, but-2-en-2-yl, 
buta-1,3 -dien-l -yl, buta-1,3 -dien-2 -yl, cyclobut- 1 -en- 1 -yl, 
cyclobut-l -en-3 -yl, cyclobuta- l ,3 -dien- l -yl, but- 1 -yn- l -yl, 
but-l-yn-3-yl, but-3-yn-l-yl, etc.; and the like. Where spe 
ci?c levels of saturation are intended, the nomenclature 
“alkanyl,” “alkenyl” and/or “alkynyl” is used, as de?ned 
beloW. In preferred embodiments, the alkyl groups are 
(CliC6)alkyl. 

“Alkanyl” by itself or as part of another substituent refers 
to a saturated branched, straight-chain or cyclic alkyl 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent alkane. Typical alkanyl groups 
include, but are not limited to, methanyl; ethanyl; propanyls 
such as propan-l-yl, propan-2-yl (isopropyl), cyclopropan 
l-yl, etc.; butanyls such as butan-l-yl, butan-2-yl (sec 
butyl), 2-methyl-propan-l-yl (isobutyl), 2-methyl-propan-2 
yl (t-butyl), cyclobutan-l-yl, etc.; and the like. In preferred 
embodiments, the alkanyl groups are (CliC6)alkanyl. 

“Alkenyl” by itself or as part of another substituent refers 
to an unsaturated branched, straight-chain or cyclic alkyl 
having at least one carbon-carbon double bond derived by 
the removal of one hydrogen atom from a single carbon 
atom of a parent alkene. The group may be in either the cis 
or trans conformation about the double bond(s). Typical 
alkenyl groups include, but are not limited to, ethenyl; 
propenyls such as prop-l -en-l -yl, prop-l-en-2-yl, prop-2 
en- 1 -yl, prop-2-en-2-yl, cycloprop-l -en-l -yl; cycloprop-2 
en- 1 -yl; butenyls such as but-l -en-l -yl, but- 1 -en-2-yl, 2-me 
thyl-prop- 1 -en- 1 -yl, but-2-en-l -yl, but-2-en-2-yl, buta-1,3 
dien-l -yl, buta-l ,3-dien-2-yl, cyclobut- 1 -en- 1 -yl, cyclobut 
l-en-3 -yl, cyclobuta-l,3-dien-l-yl, etc.; and the like. In 
preferred embodiments, the alkenyl group is (C2*C6)alk 
enyl. 

“Alkynyl” by itself or as part of another substituent refers 
to an unsaturated branched, straight-chain or cyclic alkyl 
having at least one carbon-carbon triple bond derived by the 
removal of one hydrogen atom from a single carbon atom of 
a parent alkyne. Typical alkynyl groups include, but are not 
limited to, ethynyl; propynyls such as prop-l-yn-l-yl, prop 
2-yn-l-yl, etc.; butynyls such as but-l-yn-l-yl, but-l-yn-3 
yl, but-3-yn-l-yl, etc.; and the like. In preferred embodi 
ments, the alkynyl group is (C2*C6)alkynyl. 

“Alkyldiyl” by itself or as part of another substituent 
refers to a saturated or unsaturated, branched, straight-chain 
or cyclic divalent hydrocarbon group having the stated 
number of carbon atoms (i.e., CliC6 means from one to six 
carbon atoms) derived by the removal of one hydrogen atom 
from each of tWo different carbon atoms of a parent alkane, 
alkene or alkyne, or by the removal of tWo hydrogen atoms 
from a single carbon atom of a parent alkane, alkene or 
alkyne. The tWo monovalent radical centers or each valency 
of the divalent radical center can form bonds With the same 
or different atoms. Typical alkyldiyl groups include, but are 
not limited to, methandiyl; ethyldiyls such as ethan- l , l -diyl, 
ethan-l,2-diyl, ethen-l,l-diyl, ethen-l,2-diyl; propyldiyls 
such as propan-l,l-diyl, propan-l ,2-diyl, propan-2,2-diyl, 
propan-l ,3-diyl, cyclopropan-l,l-diyl, cyclopropan-l ,2 
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diyl, prop-l-en-l,l-diyl, prop-l-en-l,2-diyl, prop-2-en-l,2 
diyl, prop-l-en-l,3-diyl, cycloprop-l-en-l,2-diyl, cyclo 
prop-2-en-l,2-diyl, cycloprop-2-en-l,l-diyl, prop-l-yn-l ,3 
diyl, etc.; butyldiyls such as, butan-l,l-diyl, butan-l,2-diyl, 
butan-l,3-diyl, butan-l,4-diyl, butan-2,2-diyl, 2-methyl 
propan-l,l-diyl, 2-methyl-propan-l,2-diyl, cyclobutan-l,l 
diyl; cyclobutan-l ,2-diyl, cyclobutan- l ,3 -diyl, but-l -en- 1 , l - 
diyl, but-l-en-l,2-diyl, but-l-en-l,3-diyl, but-l-en-l,4-diyl, 
2-methyl-prop- 1 -en- 1 , l -diyl, 2-methanylidene-propan-l , l - 

diyl, buta-l,3-dien-l,l-diyl, buta-l,3-dien-l,2-diyl, buta-l, 
3-dien-l,3-diyl, buta-l,3-dien-l,4-diyl, cyclobut-l-en-l,2 
diyl, cyclobut-l -en-l ,3 -diyl, cyclobut-2-en-l ,2-diyl, 
cyclobuta- l ,3-dien-l ,2-diyl, cyclobuta-l ,3-dien-l ,3-diyl, 
but-l -yn-l ,3-diyl, but-l -yn-l ,4-diyl, buta-l ,3-diyn-l ,4-diyl, 
etc.; and the like. Where speci?c levels of saturation are 
intended, the nomenclature alkanyldiyl, alkenyldiyl and/or 
alkynyldiyl is used. Where it is speci?cally intended that the 
tWo valencies are on the same carbon atom, the nomencla 
ture “alkylidene” is used. In preferred embodiments, the 
alkyldiyl group is (CliC6)alkyldiyl. Also preferred are 
saturated acyclic alkanyldiyl groups in Which the radical 
centers are at the terminal carbons, e.g., methandiyl 
(methano); ethan-l,2-diyl (ethano); propan-l,3-diyl (pro 
pano); butan-l,4-diyl (butano); and the like (also referred to 
as alkylenos, de?ned infra). 

“Alkyleno” by itself or as part of another substituent 
refers to a straight-chain saturated or unsaturated alkyldiyl 
group having tWo terminal monovalent radical centers 
derived by the removal of one hydrogen atom from each of 
the tWo terminal carbon atoms of straight-chain parent 
alkane, alkene or alkyne. The locant of a double bond or 
triple bond, if present, in a particular alkyleno is indicated in 
square brackets. Typical alkyleno groups include, but are not 
limited to, methano; ethylenos such as ethano, etheno, 
ethyno; propylenos such as propano, prop[l]eno, propa[l, 
2]dieno, prop[l]yno, etc.; butylenos such as butano, but[l] 
eno, but[2]eno, buta[l,3]dieno, but[l]yno, but[2]yno, buta 
[l,3]diyno, etc.; and the like. Where speci?c levels of 
saturation are intended, the nomenclature alkano, alkeno 
and/or alkyno is used. In preferred embodiments, the alky 
leno group is (CliC6) or (CliC3)alkyleno. Also preferred 
are straight-chain saturated alkano groups, e.g., methano, 
ethano, propano, butano, and the like. 

“Heteroalkyl,” Heteroalkanyl,” Heteroalkenyl,” Het 
eroalkynyl,” Heteroalkyldiyl” and “Heteroalkyleno” by 
themselves or as part of another substituent refer to alkyl, 
alkanyl, alkenyl, alkynyl, alkyldiyl and alkyleno groups, 
respectively, in Which one or more of the carbon atoms are 
each independently replaced With the same or different 
heteratoms or heteroatomic groups. Typical heteroatoms 
and/or heteroatomic groups Which can replace the carbon 
atoms include, but are not limited to, iOi, iSi, 
isioi, iNR'i. iPHi, *S(O)< ism»? 
iS(O)NR'i, iS(O)2NR'i, and the like, including com 
binations thereof, Where each R' is independently hydrogen 
or (Cl£6)alkyl. 

“Cycloalkyl” and “Heterocycloalkyl” by themselves or as 
part of another substituent refer to cyclic versions of “alkyl” 
and “heteroalkyl” groups, respectively. For heteroalkyl 
groups, a heteroatom can occupy the position that is attached 
to the remainder of the molecule. Typical cycloalkyl groups 
include, but are not limited to, cyclopropyl; cyclobutyls such 
as cyclobutanyl and cyclobutenyl; cyclopentyls such as 
cyclopentanyl and cyclopentenyl; cyclohexyls such as 
cyclohexanyl and cyclohexenyl; and the like. Typical het 
erocycloalkyl groups include, but are not limited to, tetrahy 
drofuranyl (e.g., tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 
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etc.), piperidinyl (e.g., piperidin-l-yl, piperidin-2-yl, etc.), 
morpholinyl (e.g., morpholin-3-yl, morpholin-4-yl, etc.), 
piperaZinyl (e.g., piperaZin-l-yl, piperaZin-2-yl, etc.), and 
the like. 

“Acyclic Heteroatomic Bridge” refers to a divalent bridge 
in Which the backbone atoms are exclusively heteroatoms 
and/or heteroatomic groups. Typical acyclic heteroatomic 
bridges include, but are not limited to, iOi, iSi, 
isioi, iNR'i. iPHi, *S(O)< ism»? 
iS(O)NR'i, iS(O)2NR'i, and the like, including com 
binations thereof, Where each R' is independently hydrogen 
or (CliC6)alkyl. 

“Parent Aromatic Ring System” refers to an unsaturated 
cyclic or polycyclic ring system having a conjugated at 
electron system. Speci?cally included Within the de?nition 
of “parent aromatic ring system” are fused ring systems in 
Which one or more of the rings are aromatic and one or more 

of the rings are saturated or unsaturated, such as, for 
example, ?uorene, indane, indene, phenalene, tetrahy 
dronaphthalene, etc. Typical parent aromatic ring systems 
include, but are not limited to, aceanthrylene, acenaphthyl 
ene, acephenanthrylene, anthracene, aZulene, benZene, chry 
sene, coronene, ?uoranthene, ?uorene, hexacene, 
hexaphene, hexalene, indacene, s-indacene, indane, indene, 
naphthalene, octacene, octaphene, octalene, ovalene, penta 
2,4-diene, pentacene, pentalene, pentaphene, perylene, phe 
nalene, phenanthrene, picene, pleiadene, pyrene, pyran 
threne, rubicene, tetrahydronaphthalene, triphenylene, 
trinaphthalene, and the like, as Well as the various hydro 
isomers thereof. 

“Aryl” by itself or as part of another substituent refers to 
a monovalent aromatic hydrocarbon group having the stated 
number of carbon atoms (i.e., C5iCl5 means from 5 to 15 
carbon atoms) derived by the removal of one hydrogen atom 
from a single carbon atom of a parent aromatic ring system. 
Typical aryl groups include, but are not limited to, groups 
derived from aceanthrylene, acenaphthylene, acephenan 
thrylene, anthracene, aZulene, benZene, chrysene, coronene, 
?uoranthene, ?uorene, hexacene, hexaphene, hexalene, as 
indacene, s-indacene, indane, indene, naphthalene, octacene, 
octaphene, octalene, ovalene, penta-2,4-diene, pentacene, 
pentalene, pentaphene, perylene, phenalene, phenanthrene, 
picene, pleiadene, pyrene, pyranthrene, rubicene, triph 
enylene, trinaphthalene, and the like, as Well as the various 
hydro isomers thereof. In preferred embodiments, the aryl 
group is (C5*Cl5)aryl, With (C5*Cl0) being even more 
preferred. Particularly preferred aryls are cyclopentadienyl, 
phenyl and naphthyl. 

“Arylaryl” by itself or as part of another substituent refers 
to a monovalent hydrocarbon group derived by the removal 
of one hydrogen atom from a single carbon atom of a ring 
system in Which tWo or more identical or non-identical 
parent aromatic ring systems are joined directly together by 
a single bond, Where the number of such direct ring junc 
tions is one less than the number of parent aromatic ring 
systems involved. Typical arylaryl groups include, but are 
not limited to, biphenyl, triphenyl, phenyl-naphthyl, binaph 
thyl, biphenyl-naphthyl, and the like. Where the number of 
carbon atoms in an arylaryl group are speci?ed, the numbers 
refer to the carbon atoms comprising each parent aromatic 
ring. For example, (C5*Cl5)arylaryl is an arylaryl group in 
Which each aromatic ring comprises from 5 to 15 carbons, 
e.g., biphenyl, triphenyl, binaphthyl, phenylnaphthyl, etc. 
Preferably, each parent aromatic ring system of an arylaryl 
group is independently a (C5£l5)aromatic, more prefer 
ably a (C5£l0)aromatic. Also preferred are arylaryl groups 
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in Which all of the parent aromatic ring systems are identical, 
e.g., biphenyl, triphenyl, binaphthyl, trinaphthyl, etc. 

“Biaryl” by itself or as part of another substituent refers 
to an arylaryl group having tWo identical parent aromatic 
systems joined directly together by a single bond. Typical 
biaryl groups include, but are not limited to, biphenyl, 
binaphthyl, bianthracyl, and the like. Preferably, the aro 
matic ring systems are (C5*Cl5)aromatic rings, more pref 
erably (C5*Cl0)aromatic rings. A particularly preferred 
biaryl group is biphenyl. 

“Arylalkyl” by itself or as part of another substituent 
refers to an acyclic alkyl group in Which one of the hydrogen 
atoms bonded to a carbon atom, typically a terminal or sp3 
carbon atom, is replaced With an aryl group. Typical aryla 
lkyl groups include, but are not limited to, benZyl, 2-phe 
nylethan-l -yl, 2-phenylethen- l -yl, naphthylmethyl, 2-naph 
thylethan- l -yl, 2-naphthylethen- l -yl, naphthobenZyl, 
2-naphthophenylethan-l-yl and the like. Where speci?c 
alkyl moieties are intended, the nomenclature arylalkanyl, 
arylakenyl and/or arylalkynyl is used. In preferred embodi 
ments, the arylalkyl group is (C6*C2l)arylalkyl, e.g., the 
alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is 
(CliC6) and the aryl moiety is (C5iCl5). In particularly 
preferred embodiments the arylalkyl group is (C6iCl3), 
e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl 
group is (CliC3) and the aryl moiety is (C5£l0). 

“Parent Heteroaromatic Ring System” refers to a parent 
aromatic ring system in Which one or more carbon atoms are 
each independently replaced With the same or different 
heteroatoms or heteroatomic groups. Typical heteroatoms or 
heteroatomic groups to replace the carbon atoms include, 
but are not limited to, N, NH, P, O, S, S(O), S(O)2, Si, etc. 
Speci?cally included Within the de?nition of “parent het 
eroaromatic ring systems” are fused ring systems in Which 
one or more of the rings are aromatic and one or more of the 

rings are saturated or unsaturated, such as, for example, 
benZodioxan, benZofuran, chromane, chromene, indole, 
indoline, xanthene, etc. Also included in the de?nition of 
“parent heteroaromatic ring system” are those recogniZed 
rings that include common substituents, such as, for 
example, benZopyrone and l-methyl-l,2,3,4-tetraZole. Spe 
ci?cally excluded from the de?nition of “parent heteroaro 
matic ring system” are benZene rings fused to cyclic poly 
alkylene glycols such as cyclic polyethylene glycols. Typical 
parent heteroaromatic ring systems include, but are not 
limited to, acridine, benZimidaZole, benZisoxaZole, benZo 
dioxan, benZodioxole, benZofuran, benZopyrone, benZothia 
diaZole, benZothiaZole, benZotriaZole, benZoxaxine, benZox 
aZole, benZoxaZoline, carbaZole, [3-carboline, chromane, 
chromene, cinnoline, furan, imidaZole, indaZole, indole, 
indoline, indoliZine, isobenZofuran, isochromene, isoindole, 
isoindoline, isoquinoline, isothiaZole, isoxaZole, naphthyri 
dine, oxadiaZole, oxaZole, perimidine, phenanthridine, 
phenanthroline, phenaZine, phthalaZine, pteridine, purine, 
pyran, pyraZine, pyraZole, pyridaZine, pyridine, pyrimidine, 
pyrrole, pyrroliZine, quinaZoline, quinoline, quinoliZine, 
quinoxaline, tetraZole, thiadiaZole, thiaZole, thiophene, tria 
Zole, xanthene, and the like. 

“Heteroaryl” by itself or as part of another substituent 
refers to a monovalent heteroaromatic group having the 
stated number of ring atoms (e. g., “5*l4 membered” means 
from 5 to 14 ring atoms) derived by the removal of one 
hydrogen atom from a single atom of a parent heteroaro 
matic ring system. Typical heteroaryl groups include, but are 
not limited to, groups derived from acridine, benZimidaZole, 
benZisoxaZole, benZodioxan, benZodiaxole, benZofuran, 
benZopyrone, benZothiadiaZole, benZothiaZole, benZotriaZ 
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ole, benZoxaZine, benZoxaZole, benZoxaZoline, carbaZole, 
[3-carboline, chromane, chromene, cinnoline, furan, imida 
Zole, indaZole, indole, indoline, indoliZine, isobenZofuran, 
isochromene, isoindole, isoindoline, isoquinoline, isothiaZ 
ole, isoxaZole, naphthyridine, oxadiaZole, oxaZole, perimi 
dine, phenanthridine, phenanthroline, phenaZine, phthala 
Zine, pteridine, purine, pyran, pyraZine, pyraZole, 
pyridaZine, pyridine, pyrimidine, pyrrole, pyrroliZine, 
quinaZoline, quinoline, quinoliZine, quinoxaline, tetraZole, 
thiadiaZole, thiaZole, thiophene, triaZole, xanthene, and the 
like, as Well as the various hydro isomers thereof. In 
preferred embodiments, the heteroaryl group is a 5*l4 
membered heteroaryl, With 5*l0 membered heteroaryl being 
particularly preferred. 

“Heteroaryl-Heteroaryl” by itself or as part of another 
substituent refers to a monovalent heteroaromatic group 
derived by the removal of one hydrogen atom from a single 
atom of a ring system in Which tWo or more identical or 
non-identical parent heteroaromatic ring systems are joined 
directly together by a single bond, Where the number of such 
direct ring junctions is one less than the number of parent 
heteroaromatic ring systems involved. Typical heteroaryl 
heteroaryl groups include, but are not limited to, bipyridyl, 
tripyridyl, pyridylpurinyl, bipurinyl, etc. Where the number 
of atoms are speci?ed, the numbers refer to the number of 
atoms comprising each parent heteroaromatic ring systems. 
For example, 5*l5 membered heteroaryl-heteroaryl is a 
heteroaryl-heteroaryl group in Which each parent heteroaro 
matic ring system comprises from 5 to 15 atoms, e.g., 
bipyridyl, tripuridyl, etc. Preferably, each parent heteroaro 
matic ring system is independently a 5*l5 membered het 
eroaromatic, more preferably a 5*l0 membered heteroaro 
matic. Also preferred are heteroaryl-heteroaryl groups in 
Which all of the parent heteroaromatic ring systems are 
identical. 

“Biheteroaryl” by itself or as part of another substituent 
refers to a heteroaryl-heteroaryl group having tWo identical 
parent heteroaromatic ring systems joined directly together 
by a single bond. Typical biheteroaryl groups include, but 
are not limited to, bipyridyl, bipurinyl, biquinolinyl, and the 
like. Preferably, the heteroaromatic ring systems are 5*l5 
membered heteroaromatic rings, more preferably 5*l0 
membered heteroaromatic rings. 

“Heteroarylalkyl” by itself or as part of another substitu 
ent refers to an acyclic alkyl group in Which one of the 
hydrogen atoms bonded to a carbon atom, typically a 
terminal or sp3 carbon atom, is replaced With a heteroaryl 
group. Where speci?c alkyl moieties are intended, the 
nomenclature heteroarylalkanyl, heteroarylakenyl and/or 
heteroarylalkynyl is used. In preferred embodiments, the 
heteroarylalkyl group is a 6*2l membered heteroarylalkyl, 
e.g., the alkanyl, alkenyl or alkynyl moiety of the heteroary 
lalkyl is (CliC6)alkyl and the heteroaryl moiety is a 5e15 
membered heteroaryl. In particularly preferred embodi 
ments, the heteroarylalkyl is a 6*l3 membered 
heteroarylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety 
is (CliC3)alkyl and the heteroaryl moiety is a 5*l0 mem 
bered heteroaryl. 

“Halogen” or “Halo” by themselves or as part of another 
substituent, unless otherWise stated, refer to ?uoro, chloro, 
bromo and iodo. 

“Haloalkyl” by itself or as part of another substituent 
refers to an alkyl group in Which one or more of the 
hydrogen atoms is replaced With a halogen. Thus, the term 
“haloalkyl” is meant to include monohaloalkyls, diha 
loalkyls, trihaloalkyls, etc. up to perhaloalkyls. For example, 
the expression “(CliC2)haloalkyl” includes ?uoromethyl, 
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The above-de?ned groups may include pre?xes and/or 
suf?xes that are commonly used in the art to create addi 
tional Well-recognized substituent groups. As examples, 
“alkyloxy” or “alkoxy” refers to a group of the formula 
40R", “alkylamine” refers to a group of the formula 
iNHR" and “dialkylamine” refers to a group of the formula 
iNR"R", Where each R" is independently an alkyl. As 
another example, “haloalkoxy” or “haloalkyloxy” refers to a 
group of the formula iOR'", Where R'" is a haloalkyl. 

“Protecting group” refers to a group of atoms that, When 
attached to a reactive functional group in a molecule, mask, 
reduce or prevent the reactivity of the functional group. 
Typically, a protecting group may be selectively removed as 
desired during the course of a synthesis. Examples of 
protecting groups can be found in Greene and Wuts, Pro 
tective Groups in Organic Chemistry, 3rd Ed., 1999, John 
Wiley & Sons, NY and Harrison et al., Compendium of 
Synthetic Organic Methods, Vols. li8, l97lil996, John 
Wiley & Sons, NY. Representative amino protecting groups 
include, but are not limited to, formyl, acetyl, tri?uoroacetyl, 
benZyl, benZyloxycarbonyl (“CBZ”), tert-butoxycarbonyl 
(“Boc”), trimethylsilyl (“TMS”), 2-trimethylsilyl-ethane 
sulfonyl (“TES”), trityl and substituted trityl groups, ally 
loxycarbonyl, 9-?uorenylmethyloxycarbonyl (“FMOC”), 
nitro-veratryloxycarbonyl (“NVOC”) and the like. Repre 
sentative hydroxyl protecting groups include, but are not 
limited to, those Where the hydroxyl group is either acylated 
or alkylated such as benZyl and trityl ethers, as Well as alkyl 
ethers, tetrahydropyranyl ethers, trialkylsilyl ethers (e. g., 
TMS or TIPPS groups) and allyl ethers. 

“Prodrug” refers to a derivative of an active 2,4-pyrim 
idinediamine compound (drug) that requires a transforma 
tion under the conditions of use, such as Within the body, to 
release the active 2,4-pyrimidinediamine drug. Prodrugs are 
frequently, but not necessarily, pharmacologically inactive 
until converted into the active drug. Prodrugs are typically 
obtained by masking a functional group in the 2,4-pyrim 
idinediamine drug believed to be in part required for activity 
With a progroup (de?ned beloW) to form a promoiety Which 
undergoes a transformation, such as cleavage, under the 
speci?ed conditions of use to release the functional group, 
and hence the active 2,4-pyrimidinediamine drug. The 
cleavage of the promoiety may proceed spontaneously, such 
as by Way of a hydrolysis reaction, or it may be catalyZed or 
induced by another agent, such as by an enZyme, by light, by 
acid or base, or by a change of or exposure to a physical or 
environmental parameter, such as a change of temperature. 
The agent may be endogenous to the conditions of use, such 
as an enZyme present in the cells to Which the prodrug is 
administered or the acidic conditions of the stomach, or it 
may be supplied exogenously. 
A Wide variety of progroups, as Well as the resultant 

promoieties, suitable for masking functional groups in the 
active 2,4-pyrimidinediamines compounds to yield prodrugs 
are Well-knoWn in the art. For example, a hydroxyl func 
tional group may be masked as a sulfonate, ester or carbon 
ate promoiety, Which may be hydrolyZed in vivo to provide 
the hydroxyl group. An amino functional group may be 
masked as an amide, carbamate, imine, urea, phosphenyl, 
phosphoryl or sulfenyl promoiety, Which may be hydrolyzed 
in vivo to provide the amino group. A carboxyl group may 
be masked as an ester (including silyl esters and thioesters), 
amide or hydraZide promoiety, Which may be hydrolyzed in 
vivo to provide the carboxyl group. Nitrogen protecting 
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groups and nitrogen pro-drugs of the invention may include 
lower alkyl groups as Well as amides, carbamates, etc. Other 
speci?c examples of suitable progroups and their respective 
promoieties Will be apparent to those of skill in the art. 

“Progroup” refers to a type of protecting group that, When 
used to mask a functional group Within an active 2,4 
pyrimidinediamine drug to form a promoiety, converts the 
drug into a prodrug. Progroups are typically attached to the 
functional group of the drug via bonds that are cleavable 
under speci?ed conditions of use. Thus, a progroup is that 
portion of a promoiety that cleaves to release the functional 
group under the speci?ed conditions of use. As a speci?c 
example, an amide promoiety of the formula iNH4C(O) 
CH3 comprises the progroup iC(O)CH3. 

“Fc Receptor” refers to a member of the family of cell 
surface molecules that binds the Fc portion (containing the 
speci?c constant region) of an immunoglobulin. Each Fc 
receptor binds immunoglobulins of a speci?c type. For 
example the Fcot receptor (“FcotR”) binds IgA, the FceR 
binds IgE and the FcyR binds IgG. 

The FcotR family includes the polymeric lg receptor 
involved in epithelial transport of IgA/IgM, the mycloid 
speci?c receptor RcotRI (also called CD89), the FC(X/|.LR and 
at least tWo alternative IgA receptors (for a recent revieW see 
Monteiro & van de Winkel, 2003, Annu. Rev. Immunol, 
advanced e-publication. The FcotRI is expressed on neutro 
phils, eosinophils, moncytes/macrophages, dendritic cells 
and kupfer cells. The FcotRI inclues one alpha chain and the 
FcR gamma homodimer that bears an activation motif 
(ITAM) in the cytoplasmic domain and phosphorylates Syk 
kinase. 

The FceR family includes tWo types, designated FceRI 
and FceRII (also knoWn as CD23). FceRI is a high affinity 
receptor (binds IgE With an affinity of about 101OM_l) found 
on mast, basophil and eosinophil cells that anchors mono 
meric IgE to the cell surface. The FceRI possesses one alpha 
chain, one beta chain and the gamma chain homodimer 
discussed above. The FceRII is a loW af?nity receptor 
expressed on mononuclear phagocytes, B lymphocytes, 
eosinophils and platelets. The FceRII comprises a single 
polypeptide chain and does not include the gamma chain 
homodimer. 

The FcyR family includes three types, designated FcyRI 
(also knoWn as CD64), FcyRII (also knoWn as CD32) and 
FcyRIII (also knoWn as CD16). FcyRI is a high affinity 
receptor (binds IgGl With an af?nity of 108M_l) found on 
mast, basophil, mononuclear, neutrophil, eosinophil, 
deudritic and phagocyte cells that anchors nomomeric IgG 
to the cell surface. The FcyRI includes one alpha chain and 
the gamma chain dimer shared by FcotRI and FceRI. 

The FcyRII is a loW affinity receptor expressed on neu 
trophils, monocytes, eosinophils, platelets and B lympho 
cytes. The FcyRII includes one alpha chain, and does not 
include the gamma chain homodimer discussed above. 

The FcyRIII is a loW affinity (bindes IgGl With an affinity 
of 5><105M_l) expressed on NK, eosinophil, macrophage, 
neutrophil and mast cells. It comprises one alpha chain and 
the gamma homodimer shared by FcotRI, FceRI and FcyRI. 

Skilled artisans Will recognize that the subunit structure 
and binding properties of these various Fc receptors, cell 
types expressing them, are not completely characterized. 
The above discussion merely re?ects the current state-of 
the-art regarding these receptors (see, e.g., Immunobiology: 
The Immune System in Health & Disease, 5”’ Edition, 
JaneWay et al., Eds, 2001, ISBN 0-8153-3642-x, FIG. 9.30 
at pp. 371), and is not intended to be limiting With respect 
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to the myriad receptor signaling cascades that can be regu 
lated With the compounds described herein. 

“Fc Receptor-Mediated Degranulation” or “Fc Receptor 
Induced Degranulation” refers to degranulation that pro 
ceeds via an Fc receptor signal transduction cascade initiated 
by crosslinking of an Fc receptor. 

“IgE-Induced Degranulation” or “FceRI-Mediated 
Degranulation” refers to degranulation that proceeds via the 
IgE receptor signal transduction cascade initiated by 
crosslinking of FceRl-bound IgE. The crosslinking may be 
induced by an IgE-speci?c allergen or other multivalent 
binding agent, such as an anti-IgE antibody. Referring to 
FIG. 2, in mast and/or basophil cells, the FceRI signaling 
cascade leading to degranulation may be broken into tWo 
stages: upstream and doWnstream. The upstream stage 
includes all of the processes that occur prior to calcium ion 
mobilization (illustrated as “Ca2+” in FIG. 2; see also FIG. 
3). The doWnstream stage includes calcium ion mobilization 
and all processes doWnstream thereof. Compounds that 
inhibit FceRI-mediated degranulation may act at any point 
along the FceRI-mediated signal transduction cascade. 
Compounds that selectively inhibit upstream FceRI-medi 
ated degranulation act to inhibit that portion of the FceRI 
signaling cascade upstream of the point at Which calcium ion 
mobilization is induced. In cell-based assays, compounds 
that selectively inhibit upstream FceRI-mediated degranu 
lation inhibit degranulation of cells such as mast or basophil 
cells that are activated or stimulated With an IgE-speci?c 
allergen or binding agent (such as an anti-IgE antibody) but 
do not appreciably inhibit degranulation of cells that are 
activated or stimulated With degranulating agents that 
bypass the FceRI signaling pathway, such as, for example 
the calcium ionophores ionomycin and A23187. 

“IgG-Induced Degranulation” or “FcyRI-Mediated 
Degranulation” refers to degranulation that proceeds via the 
FcyRI signal transduction cascade initiated by crosslinking 
of FcyRI-bound IgG. The crosslinking may be induced by an 
IgG-speci?c allergen or another multivalent binding agent, 
such as an anti-IgG or fragment antibody. Like the FceRI 
signaling cascade, in mast and basophil cells the FcyRI 
signaling cascade also leads to degranulation Which may be 
broken into the same tWo stages: upstream and doWnstream. 
Similar to FceRI-mediated degranulation, compounds that 
selectively inhibit upstream FcyRI-mediated degranulation 
act upstream of the point at Which calcium ion mobilization 
is induced. In cell-based assays, compounds that selectively 
inhibit upstream FcyRI-mediated degranulation inhibit 
degranulation of cells such as mast or basophil cells that are 
activated or stimulated With an IgG-speci?c allergen or 
binding agent (such as an anti-IgG antibody or fragment) but 
do not appreciably inhibit degranulation of cells that are 
activated or stimulated With degranulating agents that 
bypass the FcyRI signaling pathWay, such as, for example 
the calcium ionophores ionomycin and A23187. 

“Ionophore-Induced Degranulation” or “Ionophore-Me 
diated Degranulation” refers to degranulation of a cell, such 
as a mast or basophil cell, that occurs upon exposure to a 
calcium ionophore such as, for example, ionomycin or 
A23187. 

“Syk Kinsase” refers to the Well-knoWn 72 kDa non 
receptor (cytoplasmic) spleen protein tyrosine kinase 
expressed in B-cells and other hematopoetic cells. Syk 
kinase includes tWo consensus Src-homology 2 (SH2) 
domains in tandem that bind to phosphorylated immunore 
ceptor tyrosine-based activation motifs (“ITAMs”), a 
“linker” domain and a catalytic domain (for a revieW of the 
structure and function of Syk kinase see Sada et al., 2001, J. 
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Biochem. (Tokyo) l30zl77il86); see also Turner et al., 
2000, Immunology Today 21 : 148*154). Syk kinase has been 
extensively studied as an effector of B-cell receptor (BCR) 
signaling (Turner et al., 2000, supra). Syk kinase is also 
critical for tyrosine phosphorylation of multiple proteins 
Which regulate important pathWays leading from immunore 
ceptors, such as Ca2+ mobilization and mitogen-activated 
protein kinase (MAPK) cascades (see, e.g., FIG. 2) and 
degranulation. Syk kinase also plays a critical role in inte 
grin signaling in neutrophils (see, e.g., Mocsai et al. 2002, 
Immunity 161547558). 
As used herein, Syk kinase includes kinases from any 

species of animal, including but not limited to, homosapiens, 
simian, bovine, porcine, rodent, etc., recogniZed as belong 
ing to the Syk family. Speci?cally included are isoforrns, 
splice variants, allelic variants, mutants, both naturally 
occuring and man-made. The amino acid sequences of such 
Syk kinases are Well knoWn and available from GENBANK. 
Speci?c examples of mRNAs encoding different isoforrns of 
human Syk kinase can be found at GENBANK accession no. 
gi|21361552|re?NMi003177.2|, 
gi|496899|emb|Z29630.1|HSSYKPTK[496899] 
gi|15030258|gb|BC011399.1IBC011399[15030258], 
are incorporated herein by reference. 

Skilled artisans Will appreciate that tyrosine kinases 
belonging to other families may have active sites or binding 
pockets that are similar in three-dimensional structure to that 
of Syk. As a consequence of this structural similarity, such 
kinases, referred to herein as “Syk mimics,” are expected to 
catalyZe phosphorylation of substrates phosphorylated by 
Syk. Thus, it Will be appreciated that such Syk mimics, 
signal transduction cascades in Which such Syk mimics play 
a role and biological responses effected by such Syk mimics 
and Syk mimic-dependent signaling cascades may be regu 
lated, and in particular inhibited, With the 2,4-pyrimidinedi 
amine compounds described herein. 

“Syk-Dependent Signaling Cascade” refers to a signal 
transduction cascade in Which Syk kinase plays a role. 
Non-limiting examples of such Syk-dependent signaling 
cascades include the FcotRI, FceRI, FcyRI, FcyRIII, BCR 
and integrin signaling cascades. 
“Autoimmune Disease” refers to those diseases Which are 

commonly associated With the nonanaphylactic hypersensi 
tivity reactions (Type II, Type III and/or Type IV hypersen 
sitivity reactions) that generally result as a consequence of 
the subject’s oWn humoral and/ or cell-mediated immune 
response to one or more immunogenic substances of endog 
enous and/or exogenous origin. Such autoimmune diseases 
are distinguished from diseases associated With the anaphy 
lactic (Type I or IgE-mediated) hypersensitivity reactions. 

6.2 The 2,4-Pyrimidinediamine Compounds 
The compounds of the invention are generally 2,4-pyri 

midinediamine compounds according to structural formula 

including salts, hydrates, solvates and N-oxides thereof, 
Wherein: 

and 
Which 
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L1 and L2 are each, independently of one another, selected 

from the group consisting of a direct bond and a linker; 
R2 and R4 are as described in the folloWing embodiments 

and examples; 
R5 is selected from the group consisting of R6, (C1*C6) 

alkyl optionally substituted With one or more of the same or 
different R8 groups, (C1*C4)alkanyl optionally substituted 
With one or more of the same or different R8 groups, 
(C2*C4)alkenyl optionally substituted With one or more of 
the same or different R8 groups and (C2*C4)alkynyl option 
ally substituted With one or more of the same or different R8 
groups; 

each R6 independently is selected from the group consist 
ing of hydrogen, an electronegative group, iORd, iSRd, 
(C 1 *C3)haloalkyoxy, (C 1*C3 )perhaloalkyloxy, iNRCRC, 
halogen, (C1£3)haloalkyl, (C1*C3)perhaloalkyl, ‘C133, 
%H2CF3, iCF2CF3, %N, iNC, ADCN, iSCN, 
iNO, iNOZ, iN3, iS(O)Rd, iS(O)2Rd, iS(O)2ORd, 
iS(O)NRCRC, iS(O)2NRCRC, A)S(O)Rd, A)S(O)2Rd, 
A)S(O)2ORd, ADS(O)NRCRC, ADS(O)2NRCRC, %(O) 
Rd, iC(O)ORd, %(O)NRCRC, %(NH)NRCRC, A)C(O) 
Rd, iSC(O)Rd, iOC(O)ORd, iSC(O)ORd, A)C(O)NRC 
RC, iSC(O)NRCRC, ADC(NH)NRCRC, iSC(NH)NRCRC, 
i[NHC(O)]nRd, i[NHC(O)]nORd, i[NHC(O)]nNRcRc 
and i[NHC(NH)]nNRCRC, (C5*C10)aryl optionally substi 
tuted With one or more of the same or different R8 groups, 
phenyl optionally substituted With one or more of the same 
or different R8 groups, (C6*C16)arylalkyl optionally substi 
tuted With one or more of the same or different R8 groups, 
5*10 membered heteroaryl optionally substituted With one 
or more of the same or different R8 groups and 6*16 
membered heteroarylalkyl optionally substituted With one or 
more of the same or different R8 groups; 

R8 is selected from the group consisting of R“, Rb, R“ 
substituted With one or more of the same or different R“ or 

Rb, 40R“ substituted With one or more of the same or 

different R“ or Rb, iB(OR“)2, iB(NRCRc)2, i(CH2)mi 
Rb, i(CHR“)miRb, A)i(CH2)miRb, iSi(CH2)mi 
Rb, ADiCHR‘Rb, A)iCR“(Rb)2, iOi(CHR“)miRb, 
A)i(CH2)miCH[(CH2)mRb] Rb , iSi(CHR“)miRb , 
%(O)NHi(CH2)miRb, %(O)NHi(CHR“)miRb, 
A)i(CH2)miC(O)NHi(CH2)miRb, iSi(CH2)m% 
(O)NHi(CH2)miRb , iOi(CHR“)miC(O)NHi 
(CHR“)miRb, iSi(CHR“)m%(O)NHi(CHR“)miRb, 
iNHi(CH2)miRb, iNHi(CHRa)miRb , iNH 
[(CH2).. Rb], *NKCHQMRZ, *NH%<O)*NH* 
(CH2)miRb, iNH%(O)i(CH2)m%HRbRb and 
iNHi(CH2)miC(O)iNHi(CH2)miRb; 

each R“ is independently selected from the group consist 
ing of hydrogen, (C1*C6)alkyl, (C3*C8)cycloalkyl, cyclo 
hexyl, (C4*C11)cycloalkylalkyl, (C5*C10)aryl, phenyl, 
(C6*C16)arylalkyl, benZyl, 2*6 membered heteroalkyl, 3*8 
membered cycloheteroalkyl, morpholinyl, piperaZinyl, 
homopiperaZinyl, piperidinyl, 4*11 membered cyclohet 
eroalkylalkyl, 5*10 membered heteroaryl and 6*16 mem 
bered heteroarylalkyl; 

each Rb is a suitable group independently selected from 
the group consisting of =0, 40R“: (C1*C3)haloalkyoxy, 
ADCF3, =S, iSRd, =NRd, =NORd, iNRCRC, halogen, 
%F3, %N, iNC, ADCN, iSCN, iNO, iNOz, 
=N2, iN3, iS(O)Rd, iS(O)2Rd, iS(O)2ORd, iS(O) 
NRCRC, iS(O)2NRCRc, ws(o)Rd, ws(o)2Rd, ws 
(O)2ORd, iOS(O)2NRCRC, %(O)Rd, %(O)ORd, 
%(O)NRCRC, %(NH)NRCRC, iC(NR“)NRcRC, 
%(NOH)R“, iC(NOH)NRCRC, A)C(O)Rd, A)C(O) 
ORd, A)C(O)NR”RC, ADC(NH)NRCRC, iOC(NR“)NRc 
RC, i[NHC(O)]nRd, i[NR“C(O)]nRd, i[NHC(O)]nORd, 
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each R” is independently R“, or, alternatively, each R” is 
taken together With the nitrogen atom to Which it is bonded 
to form a 5 to 8-membered cycloheteroalkyl or heteroaryl 
Which may optionally include one or more of the same or 
different additional heteroatoms and Which is optionally 
substituted With one or more of the same or different R“ or 

suitable Rb groups; 
each Rd is independently R“; 
each m is independently an integer from 1 to 3; and 

each n is independently an integer from 0 to 3. 

In the compounds of structural formula (I), L1 and L2 
represent, independently of one another, a direct bond or a 
linker. Thus, as Will be appreciated by skilled artisans, the 
substituents R2 and/or R4 may be bonded either directly to 
their respective nitrogen atoms or, alternatively, spaced 
aWay from their respective nitrogen atoms by Way of a 
linker. The identity of the linker is not critical and typical 
suitable linkers include, but are not limited to, (CliC6) 
alkyldiyls, (CliC6)alkanos and (CliC6) heteroalkyldiyls, 
each of Which may be optionally substituted With one or 
more of the same or different R8 groups, Where R8 is as 
previously de?ned for structural formula (I). In a speci?c 
embodiment, L1 and L2 are each, independently of one 
another, selected from the group consisting of a direct bond, 
(CliC3) alkyldiyl optionally substituted With one or more of 
the same or different R“, suitable Rb or R9 groups and 1% 
membered heteroalkyldiyl optionally substituted With one or 
more of the same or different R“, suitable Rb or R9 groups, 
Wherein R9 is selected from the group consisting of (CliC3) 
alkyl, iOR“, 4C(O)OR“, (C5£l0)aryl optionally substi 
tuted With one or more of the same or different halogens, 
phenyl optionally substituted With one or more of the same 
or different halogens, 5*l0 membered heteroaryl optionally 
substituted With one or more of the same or different 

halogens and 6 membered heteroaryl optionally substituted 
With one or more of the same or different halogens; and R“ 
and Rh are as previously de?ned for structural formula (I). 
Speci?c R9 groups that may be used to substitute L1 and L2 
include 40R“, 4C(O)OR“, phenyl, halophenyl and 
4-halophenyl, Wherein R“ is as previously de?ned for struc 
tural formula (I). 

In another speci?c embodiment, L1 and L2 are each, 
independently of one another, selected from the group 
consisting of methano, ethano and propano, each of Which 
may be optionally mono sub stituted With an R9 group, Where 
R9 is as previously de?ned above. 

In all of the above embodiments, speci?c R“ groups that 
may be included in R9 groups are selected from the group 
consisting of hydrogen, (CliC6)alkyl, phenyl and benZyl. 

In still another speci?c embodiment, L1 and L2 are each a 
direct bond such that the 2,4-pyrimidinediamine compounds 
of the invention are compounds according to structural 
formula (Ia): 
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including salts, hydrates, solvates and N-oxides thereof, 

Wherein R2, R4, R5 and R6 are as previously de?ned for 
structural formula (I). Additional speci?c embodiments of 
the 2,4-pyrimidinediamine compounds of the invention are 
described beloW. 

In a ?rst embodiment of the compounds of structural 

formula (I) and (Ia), L1, L2, R5, R6, R8, R“, Rb, RC, Rd, m and 
n are as previously de?ned, R2 is 

Wherein each R31, independently of the others, is methyl or 
(CliC6)alkyl and R4 is 

R35 Y 

R?ji / 
R35 \ I 
R35 Z X 

X is selected from the group consisting of N and CH, Y is 
selected from the group consisting of O, S, SO, S02, 
SONR36, NH, NR35 and NR37, Z is selected from the group 
consisting ofO, S, SO, S02, SONR36, NH, NR35 and NR37. 
Each R35 is, independently of the others, selected from the 
group consisting of hydrogen and R8, or, alternatively, tWo 
R35 bonded to the same carbon atom are taken together to 
form an oxo (=0), NH or NR3 8 group and the other tWo R35 
are each, independently of one another, selected from the 
group consisting of hydrogen and R8. Each R36 is indepen 
dently selected from the group consisting of hydrogen and 
(CliC6)alkyl. Each R37 is independently selected from the 
group consisting of hydrogen and a progroup. R38 is selected 
from the group consisting of (CliC6)alkyl and (C5£l4) 
aryl. 

In particular, Y is 0, Z is NH and X is N. R5 can be 
halogen and R6 is a hydrogen. 

In a second embodiment of the compounds of structural 

formula (I) and (Ia), L1, L2, R5, R6, R8, R“, Rb, RC, R", m, 
n, R35, R36, R37, R38, X, Y and Z are as previously de?ned, 
R2 is 

Wherein each R31, independently of the others, is methyl or 
(CliC6)alkyl and R4 is 
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Y / I 

0 Z \X 

In particular, Y is 0, Z is NH and X is N. R5 can be halogen 
and R6 is a hydrogen. In one particular aspect, Y is 0, Z is 
NH, X is N and each R31 is methyl. 

In a third embodiment of the compounds of structural 

formula (I) and (la), L1, L2, R5, R6, R8, R“, Rb, RC, R", m, 
n, R31, R35, R36, R37, R38, X, Y and Z are as previously 
de?ned, R2 is 

and R4 is 

35 

/ l 
\ Or 

R35 Z X 

Y / I 
\ 

0 Z X 

and yy is 146. In particular, Y is 0, Z is NH and X is N. R5 
can be halogen and R6 is a hydrogen. 

In a fourth embodiment of the compounds of structural 

formula (I) and (Ia), L1, L2, R5, R6, R8, R“, Rb, RC, Rd, m, 
n, R35, R36, R37, R38, X, Y and Z are as previously de?ned, 
R2 is 

m 
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and R4 is 

35 

R35 \ OI 
R35 Z X 

Y / I 
\ 

0 Z X 

Substitution about the R2 phenyl ring can be at the 2, 3, 4, 
5 or 6 positions. In particular, Y is 0, Z is NH and X is N. 
R5 can be halogen and R6 is a hydrogen. 

In a ?fth embodiment of the compounds of structural 
formula (I) and (la), L1, L2, R5, R6, R8, R“, Rb, RC, Rd, m, 
n, R35, R36, R37, R38, X, Y and Z are as previously de?ned, 
R2 is a phenyl group disubstituted With tWo R17 groups and 
R4is 

Y 

i m \ 
0 Z X 

Substitution about the R2 phenyl ring can be at the 2,3, 2,4, 
2,5, 2,6, 3,4, 3,5, 3,6, 4,5, 4,6 or 5,6 positions, With the 
proviso that the folloWing compounds are not included: 

N4-(2,2-Dimethyl-3-oXo -4H-5-pyrid[l ,4]oXaZin-6-yl)-N2 
(3-chloro-4-methoXyphenyl)-5-?uoro-2,4-pyrimidinedi 
amine; 

N4-(2,2-Dimethyl-3-oXo -4H-5-pyrid[l ,4]oXaZin-6-yl)-N2 
(3 ,5 -dimethoXyphenyl)- 5 -?uoro-2 ,4 -pyrimidinediamine; 

N2-(3,4-Dichlorophenyl)-N4-(2,2-dimethyl-3-oXo-4H-5 
pyrid[ l ,4]oXaZin-6-yl)-5 -?uoro -2,4-pyrimidinediamine; 

N4-(2,2-dimethyl-3 -oXo -4H-5 -pyrid[ l ,4]oXaZin-6-yl)-N2 
(3-?uoro-4-methoXyphenyl)-5-?uoro-2,4-pyrimidinedi 
amine; 

N2-(3,5-Dichlorophenyl)-N4-(2,2-dimethyl-3-oXo-4H-5 
pyrid[ l ,4]oXaZin-6-yl)-5 -?uoro -2,4-pyrimidinediamine; 
and 

N2-(3-Chloro-4-tri?uoromethoXyphenyl)-N4-(2,2-dim 
ethyl-3-oXo -4H-5-pyrid[l ,4]oXaZin-6-yl)-5 -?uoro-2,4 
pyrimidinediamine. 
In particular, Y is 0, Z is NH and X is N. R5 can be 

halogen and R6 is a hydrogen. In certain aspects, each Rb 
independently is selected from (Cl4C6)alkoXy, (C1416) 
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alkyl, (C14C6)perhaloalkyls, halogens, carboxylic acid, car 
boxylic ester, carboxamides, sulfonamides and imidaZoles. 

In a sixth embodiment of the compounds of structural 
formula (I) and (Ia), L1, L2, R5, R6, R8, R“, Rb, RC, R", m, 
n, R35, R36, R37, R38, X, Y and Z are as previously de?ned, 
R2 is a phenyl group trisubstituted With three Rb groups and 
R4 is 

Y 
/ 

Substitution about the R2 phenyl ring can be at the 2,3,4, 
2,3,5, 2,3,6, 2,4,5, 2,4,6, 2,5,6, 3,4,5, 3,4,6, 3,5,6, or 4,5,6 
positions, With the proviso that the folloWing compounds are 
not included: 
N2-(3-Chloro-4-methoxy-5-methylphenyl)-N4-(2,2-dim 

pyrimidinediamine; 
N2-(3-Chloro-4-hydroxy-5-methylphenyl)-N4-(2,2-dim 

pyrimidinediamine; and 
N2-(3,5-Dimethyl-4-methoxyphenyl)-N4-(2,2-dimethyl-3 

oxo -4H-5 -pyrid[1,4]oxaZin-6-yl)-5-?uoro-2,4-pyrim 
idinediamine. 
In particular, Y is 0, Z is NH and X is N. R5 can be 

halogen and R6 is a hydrogen. In certain aspects, each Rb 
independently is selected from (C14C6)alkoxy, (C1416) 
alkyl, (C14C6)perhaloalkyls, halogens, carboxylic acid, car 
boxylic esters, carboxamides, sulfonamides 

In certain embodiments, the compounds disclosed in US. 
patent application Ser. No. 10/631,029, ?led on Jul. 29, 2003 
and Ser. No. 10/355,543, ?led Jan. 31, 2003, respectively, 
are not included Within the scope of the present application. 

In a seventh embodiment, applicable to the ?rst through 
sixth embodiments, R5 of the pyrimidine ring is a halogen 
atom, such as ?uorine, and R6 of the pyrimidine ring is a 
hydrogen atom. 

In an eighth embodiment, L1 and L2 are covalent bonds 
for the above-identi?ed embodiments. 

Also speci?cally described are combinations of the above 
?rst through eight embodiments. 

Those of skill in the art Will appreciate that the 2,4 
pyrimidinediamine compounds described herein may 
include functional groups that can be masked With pro 
groups to create prodrugs. Such prodrugs are usually, but 
need not be, pharmacologically inactive until converted into 
their active drug form. Indeed, many of the active 2,4 
pyrimidinediamine compounds described in TABLE 1, 
include promoieties that are hydrolyZable or otherWise 
cleavable under conditions of use. For example, ester groups 
commonly undergo acid-catalyZed hydrolysis to yield the 
parent carboxylic acid When exposed to the acidic conditions 
of the stomach, or base-catalyZed hydrolysis When exposed 
to the basic conditions of the intestine or blood. Thus, When 
administered to a subject orally, 2,4-pyrimidinediamines 
that include ester moieties may be considered prodrugs of 
their corresponding carboxylic acid, regardless of Whether 
the ester form is pharmacologically active. Referring to 
TABLE 1, numerous ester-containing 2,4-pyrimidinedi 
amines of the invention are active in their ester, “prodrug” 
form. 
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In the prodrugs of the invention, any available functional 

moiety may be masked With a progroup to yield a prodrug. 
Functional groups Within the 2,4-pyrimidinediamine com 
pounds that may be masked With progroups for inclusion in 
a promoiety include, but are not limited to, amines (primary 
and secondary), hydroxyls, sulfanyls (thiols), carboxyls, etc. 
Myriad progroups suitable for masking such functional 
groups to yield promoieties that are cleavable under the 
desired conditions of use are knoWn in the art. All of these 
progroups, alone or in combinations, may be included in the 
prodrugs of the invention. 

In one illustrative embodiment, the prodrugs of the inven 
tion are compounds according to structural formula (I) in 
Which R” and Rd may be, in addition to their previously 
de?ned alternatives, a progroup. 

Those of skill in the art Will appreciate that many of the 
compounds and prodrugs of the invention, as Well as the 
various compound species speci?cally described and/or 
illustrated herein, may exhibit the phenomena of tautomer 
ism, conformational isomerism, geometric isomerism and/or 
optical isomerism. For example, the compounds and pro 
drugs of the invention may include one or more chiral 
centers and/or double bonds and as a consequence may exist 
as stereoisomers, such as double-bond isomers (i.e., geo 
metric isomers), enantiomers and diasteromers and mixtures 
thereof, such as racemic mixtures. As another example, the 
compounds and prodrugs of the invention may exist in 
several tautomeric forms, including the enol form, the keto 
form and mixtures thereof. As the various compound names, 
formulae and compound draWings Within the speci?cation 
and claims can represent only one of the possible tautomeric, 
conformational isomeric, optical isomeric or geometric iso 
meric forms, it should be understood that the invention 
encompasses any tautomeric, conformational isomeric, opti 
cal isomeric and/or geometric isomeric forms of the com 
pounds or prodrugs having one or more of the utilities 
described herein, as Well as mixtures of these various 
di?ferent isomeric forms. In cases of limited rotation around 
the 2,4-pyrimidinediamine core structure, atropisomers are 
also possible and are also speci?cally included in the com 
pounds of the invention. 

Moreover, skilled artisans Will appreciate that When lists 
of alternative substituents include members Which, oWing to 
valency requirements or other reasons, cannot be used to 
substitute a particular group, the list is intended to be read 
in context to include those members of the list that are 
suitable for substituting the particular group. For example, 
skilled artisans Will appreciate that While all of the listed 
alternatives for Rb can be used to substitute an alkyl group, 
certain of the alternatives, such as =0, cannot be used to 
substitute a phenyl group. It is to be understood that only 
possible combinations of substituent-group pairs are 
intended. 
The compounds and/or prodrugs of the invention may be 

identi?ed by either their chemical structure or their chemical 
name. When the chemical structure and the chemical name 
con?ict, the chemical structure is determinative of the iden 
tity of the speci?c compound. 

Depending upon the nature of the various substituents, the 
2,4-pyrimidinediamine compounds and prodrugs of the 
invention may be in the form of salts. Such salts include salts 
suitable for pharmaceutical uses ("pharmaceutically-accept 
able salts”), salts suitable for veterinary uses, etc. Such salts 
may be derived from acids or bases, as is Well-knoWn in the 
art. 

In one embodiment, the salt is a pharmaceutically accept 
able salt. Generally, pharmaceutically acceptable salts are 
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those salts that retain substantially one or more of the desired 
pharmacological activities of the parent compound and 
Which are suitable for administration to humans. Pharma 
ceutically acceptable salts include acid addition salts formed 
With inorganic acids or organic acids. Inorganic acids suit 
able for forming pharmaceutically acceptable acid addition 
salts include, by Way of example and not limitation, hydro 
halide acids (e.g., hydrochloric acid, hydrobromic acid, 
hydriodic, etc.), sulfuric acid, nitric acid, phosphoric acid, 

28 
ethanolamine, diethanolamine, triethanolamine, N-methyl 
glucamine, morpholine, piperidine, dimethylamine, diethy 
lamine, etc.). 
The 2,4-pyrimidinediamine compounds and of the inven 

tion, as Well as the salts thereof, may also be in the form of 
hydrates, solvates and N-oxides, as are Well-known in the 
art. 

6.3 Methods of Synthesis 
and the like. Organic acids suitable for forming pharmaceu- 10 The compounds and prodrugs of the invention may be 
tically acceptable acid addition salts include, by Way of synthesiZed via a variety of different synthetic routes using 
example and not limitation, acetic acid, tri?uoroacetic acid, commercially available Starting materials and/or Starting 
propionic acid’ hexanoic acid’ Cyclopentanepropionic acid’ materials prepared Conventional Synthetic methods. Sult 
glycolic acid, oxalic acid, pyruvic acid, lactic acid, malonic 15 able exemplary methed5_that Ihayhe reutlhely adapted to 
acid, succinic acid, malic acid, maleic acid, fumaric acid, syhtheslZe the 2,4'Pyhhhd1hed1ahhhe Compounds and Pro 
tartaric acid, citric acid, palmitic acid, benZoic acid, 3-(4- drugs of the invention are fehhdih U-S- Pat N0~ 5,958,935, 
hydroxybenzoyl) benZOiC acid’ Cinnamic acid’ mandelic US. patent application Ser. No. 10/355,543, ?led Jan. 31, 
acid, alkylsulfonic acids (e.g., methanesulfonic acid, ethane- 2003 (Us Buhheatieh US20040029902'ADs _ W0 
sulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethane- 20 03/063794, Puhhshed Aug- 1: 2003: US Patent appheatleh 
sulfonic acid, etc.), arylsulfonic acids (e.g., benZenesulfonic Ser- Ne- 10/631,029, ?led Jul- 29, 2003 and W0 2004/ 
acid, 4-chlorobenZenesulfonic acid, 2-naphthalenesulfonic 014382: Published Feh- 19, 2004: the disclosures of which 
acid, 4-toluenesulfonic acid, cycloalkylsulfonic acids (e.g., are incorporated herein by referehee All of the Compounds 
camphorsulfonic acid), 4-methylbicyclo[2.2.2]-oct-2-ene-1- of Structural fehhulae (I): (la) and (H) may he Prepared by 
carboxylic acid, glucoheptonic acid, 3-phenylpropionic 25 reutlhe adaptatleh of these methed5~ 
acid, trimethylacetic acid, tertiary butylacetic acid, lauryl A variety of exemplary synthetic routes that can be used 
sulfuric acid, gluconic acid, glutamic acid, hydroxynaph- to synthesiZe the 2,4-pyrimidinediamine compounds of the 
thoic acid, salicylic acid, stearic acid, muconic acid, and the invention are described in Schemes (I)4(XI), below. In 
like. Schemes (I)4(XI), like-numbered compounds have similar 

Pharmaceutically acceptable salts also include salts 30 strueture5~ These methods may be routinely adapted to 
formed When an acidic proton present in the parent com- synthesize the prodrugs aeeerdihg to structural formula (H) 
pound is either replaced by a metal ion (e.g., an alkali metal In one exemplary embodiment, the compounds can be 
ion, an alkaline earth metal ion or an aluminum ion), an synthesiZed from substituted or unsubstituted uracils or 
ammonium ion or coordinates With an organic base (e.g., thiouracils as illustrated in Scheme (1), beloW: 

Schemi?) 

R6 R6 

5 6 L1 5 s 

R ./ r‘ R 5/ F‘ 
ml, syn/KR, 

H 3 H 3 H 

s (I) 

2 

R4/L\NH2 
1O 

1 equiv 

R6 R6 R6 

R5 6 R5 6 R5 6 

5 / NIH P0X3 5 / IN1 6 5 / lNl 

Y 4 IiI/ZKYV (other halogenatrng agents) X 4\N)2\X excess 2/L1\N 4\N 2 N/L1\ R2 
H 3 H 3 H 

2 C4 halide is more 4 l2 
reactive towards 
nucleophiles 
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-continued 

In Scheme (I), R2, R4, R5, R6, L1 and L2 are as previously 
de?ned for structural formula (I), X is a halogen (e.g., F, Cl, 
Br or I) and Y and Y' are each, independently of one another, 
selected from the group consisting of O and S. Referring to 
Scheme (I), uracil or thiouracil 2 is dihalogenated at the 2 
and 4-positions using standard halogenating agent POX3 (or 
other standard halogenating agent) under standard condi 
tions to yield 2,4-bishalo pyrimidine 4. Depending upon the 
R5 substituent, in pyrimidine 4, the halide at the C4 position 
is more reactive toWards nucleophiles than the halide at the 
C2 position. This differential reactivity can be exploited to 
synthesiZe 2,4-pyrimidinediamines according structural for 
mula (I) by ?rst reacting 2,4-bishalopyrimidine 4 With one 
equivalent of amine 10, yielding 4N-substituted-2-halo-4 
pyrimidineamine 8, folloWed by amine 6 to yield a 2,4 
pyrimidinediamine according structural formula (I). 2N,4N 
bis(substituted)-2,4-pyrimidinediamines 12 and 14 can be 
obtained by reacting 2,4-bishalopyrimidine 4 With excess 6 
or 10, respectively. 

In most situations, the C4 halide is more reactive toWards 
nucleophiles, as illustrated in the Scheme. HoWever, as Will 
be recogniZed by skilled artisans, the identity of the R5 
substituent may alter this reactivity. For example, When R5 
is tri?uoromethyl, a 50:50 mixture of 4N-substituted-4 
pyrimidineamine 8 and the corresponding 2N-substituted 
2-pyrimidineamine is obtained. Regardless of the identity of 
the R5 substituent, the regioselectivity of the reaction can be 
controlled by adjusting the solvent and other synthetic 
conditions (such as temperature), as is Well-knoWn in the art. 

The reactions depicted in Scheme (I) may proceed more 
quickly When the reaction mixtures are heated via micro 
Wave. When heating in this fashion, the folloWing conditions 
may be used: heat to 175° C. in ethanol for 5-20 min. in a 
Smith Reactor (Personal Chemistry) in a sealed tube (at 20 
bar pressure). 

The uracil or thiouracil 2 starting materials may be 
purchased from commercial sources or prepared using stan 
dard techniques of organic chemistry. Commercially avail 
able uracils and thiouracils that can be used as starting 
materials in Scheme (I) include, by Way of example and not 
limitation, uracil (Aldrich #13,078-8; CAS Registry 66-22 
8); 2-thio-uracil (Aldrich #11,558-4; CAS Registry 141-90 
2); 2,4-dithiouracil (Aldrich #15,846-1; CAS Registry 2001 - 
93-6); 5-acetouracil (Chem. Sources Int’l 2000; CAS 
Registry 6214-65-9); 5-aZidouracil; 5-aminouracil (Aldrich 
#85,528-6; CAS Registry 932-52-5); 5-bromouracil (Ald 
rich #85,247-3; CAS Registry 51-20-7); 5-(trans-2-bro 
movinyl)-uracil (Aldrich #45,744-2; CAS Registry 69304 
49-0); 5-(trans-2-chlorovinyl)-uracil (CAS Registry 81751 
48-2); 5-(trans-2-carboxyvinyl)-uracil; uracil-5-carboxylic 
acid (2,4-dihydroxypyrimidine-5-carboxylic acid hydrate; 
Aldrich #27,770-3; CAS Registry 23945-44-0); 5-chlorou 
racil (Aldrich #22,458-8; CAS Registry 1820-81-1); 5-cy 
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anouracil (Chem. Sources Int’l 2000; CAS Registry 4425 
56-3); 5-ethyluracil (Aldrich #23,044-8; CAS Registry 
4212-49-1); 5-ethenyluracil (CAS Registry 37107-81-6); 
5-?uorouracil (Aldrich #85,847-1; CAS Registry 51-21-8); 
5-iodouracil (Aldrich #85,785-8; CAS Registry 696-07-1); 
5-methyluracil (thymine; Aldrich #13,199-7; CAS Registry 
65-71-4); 5-nitrouracil (Aldrich #85,276-7; CAS Registry 
611-08-5); uracil-5-sulfamic acid (Chem. Sources Int’l 
2000; CAS Registry 5435-16-5); 5-(tri?uoromethyl)-uracil 
(Aldrich #22,327-1; CAS Registry 54-20-6); 5-(2,2,2-trif 
luoroethyl)-uracil (CAS Registry 155143-31-6); 5-(pen 
ta?uoroethyl)-uracil (CAS Registry 60007-38-3); 6-aminou 
racil (Aldrich #A5060-6; CAS Registry 873-83-6) uracil-6 
carboxylic acid (orotic acid; Aldrich #0-840-2; CAS 
Registry 50887-69-9); 6-methyluracil (Aldrich #D11,520-7; 
CAS Registry 626-48-2); uracil-5-amino-6-carboxylic acid 
(5-aminoorotic acid; Aldrich #19,121-3; CAS Registry 
#7164-43-4); 6-amino-5-nitrosouracil (6-amino-2,4-dihy 
droxy-5-nitrosopyrimidine; Aldrich #27,689-8; CAS Regis 
try 5442-24-0); uracil-5-?uoro-6-carboxylic acid (5-?uoro 
orotic acid; Aldrich #42,513-3; CAS Registry 00000-00-0); 
and uracil-5-nitro-6-carboxylic acid (5-nitroorotic acid; Ald 
rich #18,528-0; CAS Registry 600779-49-9). Additional 5-, 
6- and 5,6-substituted uracils and/ or thiouracils are available 
from General Intermediates of Canada, Inc., Edmonton, 
Alberta, CA (WWW.generalintermediates.com) and/or Inter 
chim, France (WWW.interchim.com), or may be prepared 
using standard techniques. Myriad textbook references 
teaching suitable synthetic methods are provided infra. 
Amines 6 and 10 may be purchased from commercial 

sources or, alternatively, may be synthesiZed utiliZing stan 
dard techniques. For example, suitable amines may be 
synthesiZed from nitro precursors using standard chemistry. 
Speci?c exemplary reactions are provided in the Examples 
section. See also Vogel, 1989, Practical Organic Chemistry, 
Addison Wesley Longman, Ltd. and John Wiley & Sons, 
Inc. 

Skilled artisans Will recogniZe that in some instances, 
amines 6 and 10 and/or substituents R5 and/or R6 on uracil 
or thiouracil 2 may include functional groups that require 
protection during synthesis. The exact identity of any pro 
tecting group(s) used Will depend upon the identity of the 
functional group being protected, and Will be apparent to 
these of skill in the art. Guidance for selecting appropriate 
protecting groups, as Well as synthetic strategies for their 
attachment and removal, may be found, for example, in 
Greene & Wuts, Protective Groups in Organic Synthesis, 3d 
Edition, John Wiley & Sons, Inc., NeW York (1999) and the 
references cited therein (hereinafter “Greene & Wuts”). 
A speci?c embodiment of Scheme (I) utiliZing 5-?uorou 

racil (Aldrich #32,937-1) as a starting material is illustrated 
in Scheme (Ia), beloW: 
































































































































